


















Thomas Robert Malthus (1766-1834)
English Economist
An Essay on the Principle of Population 
(1798)
Idea Credited to Malthus
A population will grow exponentially














































LET  x = 0
LET  y = 5
LET  h = 0.01
LET  N = 10
FOR i = 0 TO N STEP 0.01
LET  k1 = F(x, y)
LET  k2 = F(x + h / 2, y + h * k1 / 2)
LET  k3 = F(x + h / 2, y + h * k2 / 2)
LET  k4 = F(x + h, y + h * k3)
LET  x = x + h
LET  y = y + h * (k1 + 2 * k2 + 2 * k3 + k4) / 6
PLOT LINES: x,y;
SET LINE COLOR "red"




A population will grow exponentially.
Verhulst
Pierre Francois Verhulst (1804-1849)
Belgian Mathematical Biologist
Notice sur la loi que la population 
poursuit dans son accroissement (1838)
Idea Credited to Verhulst
The growth rate of a population will 
depend on the effect of crowding within 
the population.
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a A x 
Runge-Kutta Method
DEF F(t,x) = (3 - 0.1 * x) * x
SET WINDOW  0,10,0,40
DRAW axes
LET  t = 0 
LET  x = 100
LET  h = 0.01
LET  N = 10
FOR i = 0 TO N STEP 0.01
LET  k1 = F(t, x)
LET  k2 = F(t + h / 2, x + h * k1 / 2)
LET  k3 = F(t + h / 2, x + h * k2 / 2)
LET  k4 = F(t + h, x + h * k3)
LET  t = t + h
LET  x = x + h * (k1 + 2 * k2 + 2 * k3 + k4) / 6
PLOT LINES: t,x;
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• Krein and Rutman: Linear operators 
leaving invariant a cone in a Banach
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The Krein-Rutman Theorem (1)
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Laplace Transform
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Riesz-Markov-Dynkin Theorem
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A fam ily of  bounded linear operators
is called a  if  it satisfies 
the follow ing three conditions :
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Hille・吉田の生成定理
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有 害 領 域
領 域 )
( )
快 適 領 域
重み関数の符号の意味

( ) 0m x 
（食糧豊富）
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( ) 0h x 
生 存 競 争 あ り
( ) 0h x 
生 存 競 争 無 し

Idea Credited to Darwin
(On the Origin of Species)
On the Origin of Species by Means of Natural Selection, or 
the Preservation of Favoured Races in the Struggle for Life, 
published on 24 November 1859, is a work of scientific 
literature by Charles Darwin which is considered to be the 
foundation of evolutionary biology.
Darwin's book introduced the scientific theory that 
populations evolve over the course of generations through a 
process of natural selection.
Charles Robert Darwin
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生存競争無く、食料豊富な領域
Dirichlet 固有値問題
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 一番大きな連結成分における Dirichlet 問
題の第１固有値と一致する。




















































   
臨界値の特徴付け (1)






































   
臨界値の特徴付け (3)
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( ) VMOija x 
文献
John and Nirenberg: On functions of 
bounded mean oscillation, Comm. Pure 
and Appl. Math. 14 (1961), 175-188
Sarason: Functions of vanishing mean 
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Feller 半群 （Dirichlet 条件）
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Let We define a linear operator
as follows :
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of the Dirichlet problem for nondivergence
elliptic equations with VMO coefficients, 
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Agmon, Douglis and Nirenberg：Estimates 
near the boundary for solutions of elliptic 
partial differential equations satisfying 
general boundary conditios I, Comm. Pure 
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• Chiarenza, Frasca and Longo: solvability 
of the Dirichlet problem for nondivergence 
elliptic equations with VMO coefficients, Trans. 
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 A Banach space X is reflexive if and only 
if every strongly bounded sequence 
contains a subsequence which converges
weakly to an element of X.
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• Crandall and Rabinowitz: Bifurcation 
from simple eigenvalues, J. Functional 
Analysis 8 (1971), 321-340.
• Hess and Kato: On some linear and 
nonlinear eigenvalue problems with an 
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Analytic Perturbation Theory (1)
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Analytic Perturbation Theory (2)

































Analytic Perturbation Theory (3)
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Analytic Perturbation Theory (4)
1
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(2) r は 3 以上の奇数でない。
r = 1
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1













Simplicity of Eigenvalues (2)
3 r o ddis
1 1
1
( ) = ( ) , 0rm t m t t      
Simplicity of Eigenvalues (3)
3 r o ddis
1 1
1
( ) = ( ) ( ) , 0rtm ttm     
Simplicity of Eigenvalues (4)














( i)  





















T h e o p e r a to r
h a s a  u n iq u e p o s it iv e e ig e n v a lu e 
w ith  a p o s itiv e e ig e n fu n c tio n
a lg e b r a ic a lly  s im p le 
 .
is a n  
e ig e n v a lu e o f
L M
L M
1( )m
u

Bifurcation Diagram
(Dirichlet Case)
0
1
1 10
( )m 
 
max
min
m
h


C

